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The complete thermodynamic property fields for a single-component adsorbent + adsorbate system, which enables 
us to compute for the specific heat capacity, partial enthalpy and entropy has been developed.  The specific heat 
capacity of the adsorbent-adsorbate system is comprised of two parts; one is the specific heat of solid adsorbent and 
the other is the contribution of adsorbate at different isothermal conditions. Conventionally, the specific heat 
capacity of the adsorbate is simply assumed to correspond to its liquid phase specific heat capacity and more 
recently to that of its gas phase. In this paper, we propose a simple but improved expression for the adsorbate 
specific heat capacity that is underpinned by first-principle analyses.  This expression will be shown to be adequate 




The adsorption characteristics of adsorbates on adsorbents are essential in the field of separation process, 
purification of gases, adsorption chillers, cryocoolers design and more recently hydrogen storage. The physical 
adsorption process occurs mainly within the pores of adsorbent and the external adsorbent surface. The knowledge 
of thermodynamic property fields of adsorbent plus adsorbate system is important, because it enables the adsorption 
process to be analyzed. In this paper, the complete formulations of some thermodynamic properties such as internal 
energy, partial enthalpy, and partial entropy have been developed to understand the specific heat capacity of a single 
component adsorbate + adsorbent system. The present formulation of specific heat capacity as a function of 
pressure, temperature, and mass of adsorbate, has been developed for a single component adsorbent + adsorbate (or 
adsorbate + adsorbent) system, and thermodynamic equilibrium prevails between this system and single-component 
unadsorbed gas phase. We shall make use of experimental isotherm data available from the literature that are of 
practical interest to highlight the significant difference between the conventional uncorrected form of the specific 
heat capacity and the improved simplified expression presented herein. 
 
2. THE FORMULATION OF SPECIFIC HEAT CAPACITY OF ADSORBATE-
ADSORBENT SYSTEM 
 
The full expressions of the total differential extensive thermodynamic quantities (enthalpy, internal energy and 
entropy) of a single component adsorbate + adsorbent system (Chua et al., 2003) at a constant mass of adsorbent, 
Mabe, are expressed as follows 
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The first term on the right-hand side of Equations (1), (2) and (3) refers to the thermodynamic property of adsorbent 
and the second and third terms to that of the adsorbate in the system. Equation (1) is important for the analysis of the 
energy transfer associated with a typical adsorption / desorption process where the volume of the adsorbent-
adsorbate system does not change significantly during the process.  It is therefore interesting to note that the 
difference between the conventionally used expression for the differential internal energy and equation (1) 





















] . Similarly, the difference between the 
conventionally used expression for the differential entropy and equation (3) 
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The specific heat capacity of the adsorbate has for a long time been assumed to be equal to the liquid phase specific 
heat capacity (Ruthven, 1984 and Suzuki, 1990). Recently some researchers (Myers, A.L, 2002, Saha et al., 1995, 
Sami et al., 1996, Chua et al., 1998) view the specific heat capacity of the adsorbate to be equal to the gas phase 
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 turns out to be significant, because of the large isosteric heat of 
adsorption and the non-ideality of the gas phase. This term represents the effect of the adsorbent in the adsorbed 
phase. The newly interpreted specific heat capacity can be significantly different from the gas phase specific heat 
capacity and equation (5) reduces to equation (4) n the limit of low pressure and high temperature. 
The difference between the newly interpreted specific heat capacity and the specific heat capacity which assumes a 
gaseous phase adsorbate of a single-component adsorbent + adsorbate system is written as 
gsasp ccc −=∆            (7) 
 
 
3. RESULTS AND DISCUSSION 
 
Some researchers assume that the adsorbate is in a liquid state (Ruthven, 1984 and Suzuki, 1990) and more recently 
some regard the adsorbate as a vapor phase (Myers, A.L, 2002, Saha et al., 1995, Sami et al., 1996, Chua et al., 
1998) in their design of adsorption processes. We calculated three different specific heat capacities, namely the 
newly interpreted specific heat capacity, the specific heat capacity assuming gaseous adsorbate, and specific heat 
capacity assuming liquid adsorbate phase in a single-component adsorbent + adsorbate system. Representative 
experimental isotherm data obtained from the literature are used in the demonstration of the correction to the system 
specific heat capacity offered by our proposed expression. These pertain to silica gel + water vapor (Chua et al., 
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2002), activated carbon + nitrogen (Prasad et al., 1996), activated carbon + hydrogen (Benard et al., 2001), activated 
carbon + neon (Chan et al., 1984), and activated carbon + HFC134a (Akkimaradi et al., 2001) systems. For activated 
charcoal + HFC134a system, the specific heat capacity assuming liquid adsorbed phase is included in the 
comparison. But for activated carbon + nitrogen and activated carbon + hydrogen systems, the specific heat capacity 
assuming liquid phase is excluded, as the adsorbed states are above the critical ranges. Figure 1 shows the specific 
heat capacities of chemviron charcoal + HFC 134a system. Three different types of heat capacities are plotted here 
at a 293 K and 353 K respectively. One could observe that  is very close to  at low pressure and  is 
consistently higher than  and  at higher pressure, and the correction offered by  could be as high as 11% at 
293 K. For activated charcoal + HFC134a systems, out of the three types of activated charcoal which Akkimaradi et 
al. reported, the maximum  for Maxsorb activated charcoal is about 38% and for Fluka activated charcoal is 





















































































Figure 1: Specific heat capacities of chemvironcharcoal + HFC134a system when adsorption 
temperature is 293 K: data points (■) denote the newly expressed specific heat capacity, (○) 
defines the specific heat capacity at gas phase adsorbate and (∆) indicates the specific heat capacity 
at liquid phase adsorbate, when adsorption temperature is 353 K: the data points (□) denote the 
newly expressed specific heat capacity, (●) defines the specific heat capacity at gas phase 











Figure 2 shows the plot of specific heat capacities of activated carbon + nitrogen system at temperatures 210 K and 
360 K respectively, where  is very significant. At 210 K, the value pc∆ pc∆  ranges from 5% to 14 % but at 360 K 
or the high temperature isotherm, the value pc∆  decreases to about 1 %. The specific heat capacities of activated 
carbon + hydrogen at temperatures 90 K and 170 K are plotted against pressures in Figure 3.   (up to 5%) is 
significant at low temperature isotherm 90 K, but at 170 K the value 
pc∆
pc∆  becomes nearly zero.  
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 Figure 2: Specific heat capacities of activated charcoal + nitrogen system at different states 
when adsorption isotherm temperature is 210 K: data points (▲) refer to the newly derived 
specific heat and (□) defines the specific heat capacity when the adsorbate is in gaseous 
phase, when adsorption temperature is 360 K: data points (⎯) denote the newly interpreted 


















































































 Figure 3: Specific heat capacities of activated charcoal + hydrogen system when 
adsorption temperature is 90 K: data points (■) denote the newly expressed specific heat 
capacity and (∆ ) defines the specific heat capacity at gas phase adsorbate, when 
adsorption temperature is 170 K: data points (□) denote the newly expressed specific heat 
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The newly proposed form of specific heat capacity and the conventionally used form of specific heat capacities of a 
single component activated carbon + neon are plotted in Figure 4. The value pc∆  varies from 5% to 14% with 










































































 Figure 4: Specific heat capacities of activated charcoal + neon system when adsorption 
temperature is 90 K: data points (■) denote the newly expressed specific heat capacity 
and (∆) defines the specific heat capacity at gas phase adsorbate, when adsorption 
temperature is 170 K: the thick line (▬) denote the newly expressed specific heat 









The formulation of specific heat capacity of a single component adsorbent + adsorbate system is one of the basic 
foundations of any adsorbate-adsorbent thermodynamic analysis. Such a key thermodynamic quantity is essential in 
the development of adsorption thermodynamics and this would be useful in the design and analysis of solid-gas 
sorption in cooling applications such as adsorption chiller, adsorption cryocoolers, infrared detectors cooling. We 
have demonstrated that the error made in earlier expressions of specific heat capacities can be significant at high 




P Pressure      MPa   Subscripts 
P1 Saturated pressure    MPa    g gas phase  
T Temperature      K   a adsorbate 
M, m mass      kg   abe adsorbent  
adsH∆  Isosteric heat of adsorption   J/kg               ls liquid state  
h specific enthalpy of adsorbate   J/kg   gs gaseous 
H enthalpy      J/kg   as actual state 
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U internal energy     J/kg 
S entropy      J/kg K 
ρ  density      kg/m3
cp specific heat capacity    KJ/kg K 
c specific heat capacity of adsorbate-adsorbent system KJ/kg K 
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